Abstract-The aim of this paper is to introduce a novel frequency reuse concept especially for macro cellular networks to substantially increase mobile network capacity, and simultaneously to avoid the implementation of low efficient small cells. Single path multiple access (SPMA) utilizes the characteristics of independent propagation paths for particular geographical location in the coverage area of mobile network. In SPMA concept, a communication between base station and mobile station happens through single independent propagation path, and the frequency resources can be reused in 5m x 5m areas, or even more often in 1m x 1m areas. Thus, the capacity of the network will be increased dramatically, and it can be managed in centralized manner at certain macro site locations. In already deployed cellular networks, these macro sites are mostly easily available, and that would help to implement SPMA to enhance the network capacity.
I. INTRODUCTION TO MOBILE NETWORK LAYOUTS
NEW capacity requirements for data traffic in mobile networks and the requirement of high practical data rates in cellular networks have finally started discussions about possible network layouts in the future. It has been noted several times that traditional macro cells are not able to offer equal data rates for the users over the entire network, and most of the network capacity has been lost because of the interference coming from neighboring cells and sites. Also new network layers as micro cells, small cells, and femto cells have been proposed to improve system capacity in urban high density traffic areas [1] .
However, one of the key strategic goals in the deployment of mobile networks is to avoid the addition of new sites and cells because of increased fixed costs such as electricity, transmission, rentals, etc. Thus, macro cells are of high importance from mobile operators' point of view, and their efficient utilization should be guaranteed. Moreover, smaller cells should be used only whenever no other choice is available, and even then maybe together with macro cells. Addition of small cells not only adds the CAPEX rather it also increases OPEX for mobile operators. To avoid deployment of small cells, advanced antenna solutions are considered as an alternate choice for the mobile operators [2] . The research of these advanced antenna solutions includes high order sectoring [3] [4] , employing multiple fixed beam antennas and adaptive/smart antenna approach [5] [6] [7] , or even massive MIMO approach [8] [9] . These studies show that macro cell capacity can be increased by 100-200% depending on system layout and used technologies [2] .
This capacity improvement helps for some years but it is still needed an advanced and a complete long-term solution to avoid extensive utilization of small cells. Hence, a totally new radio resource reuse approach is needed for macro cells to substantially increase the network capacity for the future use. All today's radio access concepts are more or less based on "cellular thinking" where one cell (macro, micro, small, pico, or femto) offers a certain coverage area, and also causes interference in unwanted directions. Adaptive antenna based Spatial Division Multiple Access (SDMA) is slightly different but still based on a certain antenna pattern of 5-10 degrees.
In order to keep the macro cell layout, and to increase radically frequency reuse, "a giant leap" is needed at concept level of radio access. This leap could be related to new antenna materials, or to new opportunities to create a communication between base station and mobile station only through one multipath instead of several multipath components. This approach would also change a traditional "cellular approach" at least partially. Fig.1a shows a non-line-of-sight (NLOS) scenario between macro base station (TX) and three mobile station locations A, B, and C at a distance of 5m from each other in 2D environment. Both base station and mobile stations can transmit (T), or receive (R) the signal. The radio propagation channel between transmitting and receiving end is reciprocal, and thus the radio signal propagates via similar multipaths in both directions. Multipath propagation is possible due to three propagation mechanisms: reflection, diffraction, and scattering. Base station antenna height is set clearly above the average rooftops of the buildings to have wider coverage area, and the mobile stations are at street level with a small separation of five meter from each other.
II. PROPAGATION CHANNEL AND MULTIPATH COMPONENTS
Ray tracing techniques have been extensively employed as a theoretical prediction tool, and for the characterization of the radio propagation environment. Determination of multipath components between the Transmitter (TX) and Receiver (RX) is the first step towards the computation of received electric field or power at the receiver. By using ray tracing techniques based on Shoot and Bouncing Ray (SBR), or Image Theory (IT) algorithm, possible significant multipath components can theoretically be found between each TX/RX locations [10] [11] [12] . Moreover, each multipath component is characterized by its power, time delay at arrival, Direction of Departure (DoD), Angle of Departure (AoD), Direction of Arrival (DoA), and Angle of Arrival (AoA). The angle in horizontal plane (azimuth plane) between base station and mobile station with respect to base station defines DoD, and with respect to mobile station defines DoA. Similarly, the angle in vertical plane (inclination angle) between base station and mobile station with respect to base station defines AoD, and with respect to mobile station defines AoA. The total received power at the receiver is the sum of all multipath components from serving transmitter added coherently (in phase addition). Fig.1a shows different multipath rays arriving at three different mobile locations from base station in 2D environment. All presented multipath components with finite reflections and diffraction shown in Fig.1a were found by using Image Theory based ray tracing algorithm [11] . The received signal at each mobile location is the sum of attenuated, slightly time delayed, and phase shifted replicas of the transmitted signal. In Fig.1b , only single multipath component arriving at three different mobile locations is shown. Now, each multipath component has a different path and arrives at each receiver location from different direction. Finally, Fig.1c shows single path propagation between base station and three different mobile locations at a distance of 5m from each other in 3D environment from different angle. Wall reflected, wall diffracted, and rooftop diffracted signal paths are visible in Fig.1c .
To have a better view of radio wave propagation in real world, 2D ray path needs to be converted into 3D ray paths. The propagation paths in 2D plane can be visualized in 3D plane by the approach defined in [10] [11] [12] , and as shown in Fig.2 . It was found that two 3D paths are possible i.e. with and without ground reflection for each 2D ray. Ground reflection point (G) can be found by using the image of transmitter with respect to ground plane, or by using the information of height of transmitter ( ), height of receiver ( ), and the distance (d) between them. Ground reflected ray follows the law of reflection, and the angle of incidence ( ) of incident ray equals to the angle of reflection ( ) of reflected ray as shown in Fig.2 , assuming a flat ground. Later, radio propagation loss for 3D rays can be calculated by using free space path loss along with the information of number of reflections and diffractions. To have more in depth analysis of signal propagation for mobile stations located very close to each other, consider two mobile stations i.e. MS1 and MS2 separated by just 1m distance in a NLOS environment with BS (TX) as shown in Fig.3a . Multipath components shown in Fig.3b are based on ray tracing with maximum number of four reflections, two diffractions, single rooftop diffraction, and single ground reflection. Fig.3c shows all possible multipath components in 3D environment. Fig.4 shows the amplitude and delay profile of available multipath components arriving at two different mobile stations separated by 1m as shown in Fig.3a . Due to different time delay for each multipath component arriving at receiver location, the received signal is dispersed in time domain. It can be noted that for individual mobile station, some multipath components are arriving at almost the same time, or with a small time difference, even though they followed different paths. As receivers, MS1 and MS2, are located close to each other, they have almost identical power and can be seen that for both mobiles, only components with a short time delay con contribution to the total received power. It components arriving after certain delay can be el between base station, and two mobile stations MS1 and MS2 at two d tion in 2D environment. Fig.3(c 
III. SINGLE PATH MULTIPLE
For each geographical location, r of independent multipath compone and mobile stations. Thus, a sing component can be used to repre connection, sharing the radio resour available frequency spectrum at Moreover, same radio and frequenc after every meter or few meters. I users sharing the frequency band multiple access, and thus radio acce Path Multiple Access (SPMA). W can be reused at every meter dist spectrum can be reused 1,000,000 t enhancing a huge network capacity. power is enough for r and receiver. If this main ed by any means, then the ent can be used. Second esents 14.02% and 12.57% similarly third strongest 2% to total received power E ACCESS CONCEPT received power is the sum ents between base station gle independent multipath esent a single BS -MS rces or utilizing the whole each different location. cy resources can be reused, f there are several mobile d, then it corresponds to ss will be known as Single When frequency resources tance, available frequency times per square kilometer, Fig.6 . Single and independent path between BS (TX) and 25 mobile locations separated by 2m. Fig.6 shows an example of reusing the frequency resources after every 2m x 2m area by 25 different mobile stations, by establishing a radio connection between transmitter (TX) and receiver via single path. In order to have only single path connection to a certain location, radio propagation and thus the antenna radiation needs to be limited in a significantly narrow beam in an azimuth as well as in vertical plane. This limited radiation and propagation can be produced at both base station and mobile station ends, but especially at base station antenna.
Base station antenna is typically implemented at rooftops in macro sites, and thus it can have bigger size like 0.4m x 1.4m. In order to have narrow radiation pattern in azimuth or elevation directions, an antenna array is needed. Linear antenna array is an array of N antenna elements located at equal distance from each other in the same direction. Similarly, in two dimensional array, antenna elements are uniformly placed in x-y plane with uniform spacing between them. Array Factor (AF) for one dimensional and two dimensional antenna arrays is given by equation (1) and (2), respectively. [7] (1), N is the number of elements, is the weighting factor, Z is the spacing of n th element, and is the angle of elevation. In equation (2), X and Y are the spacing of antenna elements in x and y plane, respectively, and is the angle of azimuth. 2D array can filter signal based on their angle of elevation and azimuth [7] . Array factor of linear one dimension array for different number of antenna elements with uniform spacing of 3/4 and weighting factor equal to one is shown in Fig.7 . It can be seen in Fig.7 , that magnitude of main lobe along with side lobe increases and beamwidth of antenna decreases by increasing the number of antenna elements, assuming equal weight factor. Computational weighting factors can be used to obtain a desired pattern. The array of 8, 16 and 32 elements provides 5.84°, 2.46° and 1.08° of beamwidth, respectively. Therefore, a very large array of antenna is needed to achieve, for example, a half power beamwidth of 0.3°. This type of antenna array is most probably too big in practice, except if new materials and technologies like nanotechnology, or graphene is used, which can squeeze the structure radically [13] [14] [15] [16] . Hence, to achieve an extremely narrow beam, either antenna arrays with small elements spacing is needed as mentioned above, or a novel antenna concept is required.
Moreover, a key assumption for SPMA concept is based on expectation that new electrical materials (meta-materials, graphene, etc. [13] [14] ) will be used for antenna manufacturing. Graphene has recently gained much popularity and has got enormous attraction by the research industry due its exceptional electrical, mechanical, thermal and chemical properties [16] . Potential antenna and RF applications of graphene at microwave and terahertz frequencies are proposed by the researchers at [15] . It gives radically new possibilities to have narrow radiation pattern using graphene based antenna at nano scale level. It will not only reduce the size of antenna rather will also be able to serve the purpose of SPMA concept by employing narrow beams like "needle".
Conventional wide beam antenna covering the cell area is shown in Fig.8a . New antenna concept may mean, for example, a normal antenna covered by a new electrical material as shown in Fig.8b . This new electrical material should enable antenna to radiate in a certain direction of interest, and prevent radiation in other unwanted directions. Single and independent communication path for each user can be seen in Fig.8b . Simultaneously, this new material can be controlled at centralized macro base station. Antenna itself can be consisted of one element or several elements. This new antenna concept also takes into account the end-users' health. In new antenna concept, radio power is not focused in narrow direction to get high intensity as in case of antenna arrays. Thus, new antenna concept is much safer especially at mobile station end which is more critical for mobile users.
(a) Fig.8(a) . Conventional wide beam antenna concept.
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V. CONCLUSIONS AND DISCUSSI
In this paper, a novel concept of single pat (SPMA) was introduced for gaining a mult capacity of centralized macro site in cellular concept could be used also for fixed radio l links) for transmission between base sta network elements. Single path multiple acce assumption that radiation from/to base station directed to a very narrow target in a way that propagation component between transmitter used. This approach and concept would mean in frequency reuse at centralized macro site l bring a revolutionary change in typical thinking.
The results obtained by 3D ray tracing sim the requirement of antenna pattern to enable directed beam. Based on propagation sim 0.55° -0.65° separation is needed in azimut two independent multipaths for two users locations 1m apart from each other. Simila separation is needed in vertical plane. 
